Other experiments indicated no marked difference between tss6 and wt OX in the dependence of average burst size upon input multiplicity.
Hence, the lack of production of tss6 in the second cycle is not a result of the low multiplicity of infection (MOI) in this cycle as compared with the first cycle.
Reversal of the tss6 phenotype: acquisition bv tss6 (40) of the ability to infect cat 40 C. Since tss6 produced at 40 C [tss6 (40)] was assayed by plating at 30 C, the defect which prevents a second cycle of infection at 40 C must be reversible at the lower temperature. When tss6 (40) is plated out at 30 C, plaques appear 0.5 to 1 hr later than those of wild-type OX or of other representative ts mutants plated out under the same conditions.
Incubation of freshly produced tss6 (40) in broth at 30 C also permits the phage to regain the capacity to infect at 40 C (or 30 C). This process is relatively rapid since, after 10 min at 30 C, 62'; of the mutant phage which are capable of forming plaques at 30 C are also able to initiate a single-step infection at 40 C (Fig. 2) . The reversal under these conditions is not complete, however, and the ability to infect at 40 C subsequently declines slightly upon continued incubation at 30 C. The reason for this decline is not known.
It seemed possible that the reversal of phenotype at 30 C was either a result of a reattachment of a necessary component to an incomplete phage or of a conformational alteration of the complete, but defective, phage. To distinguish between these possibilities, freshly produced tss6 (40) was diluted through broth held at 40, 30, and 0 C prior to plating out at 30 C. The same titer was obtained in each instance. Thus, the restoration of infectivity which occurs at 30 C is probably a consequence of a conformational alteration in tss6 (40) and not the reattachment of a necessary component.
Loss (at 40 C) of the ability of tss6 (30) to infect at 40 C. Purified wt OX and tss6 (30) were incubated in broth at 40 C; samples were removed at intervals and assayed for plaque formers (at 30 C) and for capacity to initiate a single cycle of infection at 40 C (Fig. 3) Nature of the block in the second cycle of infection. Although the kinetics of eclipse of tss6 (30) were normal at 40 C, preliminary results indicated that the abortive second cycle of infection was a result of a defective eclipse of tss6 (40). Eclipse of OX, as measured by loss of plaque formers upon dilution of infected complexes into chloroform broth, requires attachment of the phage (reversible) and then a structural alteration of the phage particle, which leads to irreversible loss of infectivity (J. E. Newbold, unpublished data). Eclipse, thus defined, may occur without (the normal) subsequent injection of deoxyribonucleic acid (DNA) into the cell. The experiments which follow are an attempt to define the nature of the second-cycle defect in terms of these three initial steps in the infective process.
Attachment of phage. Attachment of tss6 (40) and wt (40) Preliminary experiments showed that complementation of am9 growth by tss6 in E. coli C was low at 40 C but three times more efficient at 30 C; the initial mixed infection was therefore performed at 30 C. Since tss6 produced at 30 C is capable of initiating a second cycle of infection, progeny from the first cycle were maintained at 40 C (for 16 hr) before initiating the second cycle. By this time, phage of tss6 phenotype are unable to infect cells successfully at 40 C (Fig. 3) . The extent of complementation is expressed as the proportion of phage present after incubation at 40 C which are capable of initiating a cycle of infection at the same temperature.
In the first growth cycle (mixed infection in E. coli C), selective assays of the progeny indicate that complementation of am9 (cistron III), aml6 (IV),and amlO (V) growth by tss6 occurs (Table   3 , first and second columns). Only a slight complementation of am33 (VI) growth by tss6 is found; this is consistent with previous observations on cistron VI mutants (7) .
After incubation of first-cycle progeny at 40 C, only 4% of the residual tss6 in the unmixed infection initiated infection at 40 C (Table 3 , last column). The corresponding figure for wt OX is 37%. Progeny from the mixed infections of tss6 with aml6, amlO, and am33 all show an increased proportion capable of initiating a second cycle of infection in E. coli X at 40 C. Thus, defective protein of tss6 is not coded by cistrons IV, V, or VI.
Complementation by aml6 is relatively symmetrical; i.e., progeny of both genotypes show an increase in ability to initiate a second cycle over that for tss6 alone. Complementation by amlO is less effective and is asymmetrical in this particular experiment, although in other experiments symmetric complementation by amlO was observed. As noted above, am33 is produced to only a low titer in the first cycle and does not initiate the second cycle to a significant degree; it is noteworthy, however, that although the parental am33 replicative form does not replicate under the restrictive conditions (5) sufficient protein is apparently formed to complement the defective tss6 function.
Mutant am9 (cistron III) is the only mutant which wholly fails to complement the defective tss6 function. These results indicate that the defective protein is probably coded by cistron III. The phenotypic expression of the tss6 mutation (inability to initiate infection) is thus reversible, and its expression depends on either the temperature at which the phage is produced or the temperature at which it is incubated prior to infection. However, the alteration of phenotypic expression of tss6 (30) which occurs after 2 hr at 40 C apparently does not give rise to phage which are in all respects identical to those produced at that temperature; thus, although tss6 (40) and tss6 (30 40) both fail to infect successfully at 40 C, the kinetics of the abortive eclipse differ markedly (Fig. 4) .
The primary defect in the abortive infection of tss6 appears to be in the injection of the viral DNA. Attachment and subsequent irreversible loss of phage infectivity (eclipse) occur in the The results of complementation studies indicate that the defective protein is likely coded for by cistron III. This protein, together with cistron II protein, appears to constitute the "spike" component of the kX virus particle (M. H. Edgell and C. A. Hutchison, unpublished data); cistron II protein is believed to be responsible for attachment specificity (host range). Our results indicate that cistron III protein probably plays a role in the injection of OX DNA. The alteration of attachment kinetics observed during abortive eclipse indicates that a conformational alteration in the cistron III protein may also include a change in the configuration or disposition of the cistron II protein(s) in the "spike" component.
The temporal sequence of development of lymphocystis disease virus (LDV) was studied by electron microscopy of thin sections of infected tissue-culture monolayers. Neither the typical cytoplasmic inclusion nor virus was detected at 4 days postinfection (PI). Inclusions, but no viruses, were detected at 8 days PI. Inclusions and associated virions were detected at 15 days PI, and by 28 days PI the undisrupted cells were filled with the typical virions. No release mechanism was detected, and severe clumping of particles was noted. Negatively stained preparations revealed particles 200 nm in diameter with no capsomere structure and apparent spikes associated with the particle. The relationship of LDV to the well-defined deoxyribonucleic acid virus groups is discussed.
Lymphocystis disease virus (LDV) is the inciting agent of a benign tumor in numerous species of fish (12). These tumors are composed of masses of cells (lymphocystis cells) that are greatly enlarged, unable to divide, contain massive Feulgen-positive cytoplasmic inclusions, and have a cell membrane modified into a thickened capsular structure (4) . Recent cultivation of the virus in cell culture (15) allows study of the virus in infected cells in vitro, and of negatively stained particulate preparations. Virus particles in tumor sections have been reported as being 200 nm in diameter with a hexagonal profile and, occasionally, in crystalline array (9-11).
MATERIALS AND METHODS
Virus was grown in a fibroblastic cell line (BF-2) derived from the common bluegill (Lepomis macrochirus). The Particulate preparations were obtained from 28-day harvests of infected cells and overlying medium containing approximately 106 iDoo per ml. Cells and medium were centrifuged at 1,200 X g for 30 min and the pellet was suspended in 0.1 volume of Hanks' BSS. The supernatant fluid was discharged. Most of the infectivity is known to be associated with the cells (15). The cell suspension, while immersed in an ice bath, was sonically treated for 2 min at 40 w output (macrotip) with a model W-185-C Sonifier (Branson Instruments, Inc., Stamford, Conn.). The sonically treated suspension was centrifuged for 30 min at 1,500 X g and the pellet was again suspended in 0.1 volume of distilled water (100-fold concentration in terms of the original harvest). This stock virus preparation was mixed with an equal volume of 2% phosphotungstic acid and applied, by the surfacespreading technique (8) , to grids coated with Formvarcarbon.
RESULTS
Thin sections of infected cells were prepared at 0, 4, 8,15, and 28 days PI. Unadsorbed clumps of virus were detectable in the interstices between packed cells in all sections prepared through 15 days (Fig. 1) . The number and size of the aggregates decreased during this period. Walker also noted clumps of virus on disruption of infected cells (4 (Fig. 2) . The inclusion appears to be an amorphous substance and is not bounded by a membrane.
By 15 days PI, virus particles are visible either immediately adjacent to the inclusion body or contained within the fenestrations of the inclusion (Fig. 3, 4) . From serial sections, it is apparent that the fenestrations are not wholly contained within the inclusion but, at some point, are contiguous with the cytoplasm. We interpret Walkers' electron micrograph (13) as a section through a fenestration, and he has referred to folded in "new surface" (10). The fenestrations evidently provide a larger inclusion surface area at or near which assembly of the virus particles takes place.
By 28 days after infection, almost the entire cytoplasm not occupied by cellular organelles is packed with virus particles (Fig. 5-7) . We have not observed regular crystal arrays. The inclusions have moved from the juxtanuclear position to the periphery of the cell as described by Dunbar and Wolf (4) (Fig. 10, 11) . The mean size of 25 negatively stained particles was 200 nm.
DISCUSSION
Our results in vitro confirm those of Walker on the tumor cell in vivo. The virus is hexagonal in outline, and may well be an icosahedron with an average particle size near 200 nm and no accessory membrane or visible capsomeres. Walker also noted the initial appearance of mature virus particles in or immediately around the area of the inclusion (10, 13). The results of an autoradiographic study (R. G. Malsberger, unpublished data) confirm that the inclusion body is the site of deoxyribonucleic acid (DNA) synthesis. The electron micrographs are consistent with the interpretation that the viral capsid is added to the DNA on, or near, the inclusion body. The sequence of appearance of mature particles correlates reasonably well with the in vivo multiplication curves presented by Wolf et al. (4, 14) , who detected an increase over the residual level at 9 days PI.
Our micrographs indicate a large increase in the number of virions present during the late stages of infection, i.e., 15 to 28 days. This rise is inconsistent with the plateau of infectivity detected by these authors. We agree that the plateau may be accounted for by the clumping effect mentioned by Dunbar and Wolf (4) and confirmed by our results. The failure of Wolf et al. (4, 14) to detect the increase can be attributed to the clarification procedures employed, which may have removed the aggregates and thus depressed the virus titer.
Although it has been suggested that LDV is a member of the pox virus group (13) on the basis of the formation of Feulgen-positive cytoplasmic inclusions, the morphology of the particle is clearly unlike the "mulberry" forms of the pox group, and is not round or oval in cross section.
Multiplication in the cytoplasm and lack of an accessory membrane exclude it from the herpesvirus group. The particle size is too large for inclusion in the other DNA animal-virus categories.
The hexagonal profile of the LDV particle, which lacks apparent capsomeres, closely resembles the profile of several amphibian viruses both in thin sections (3, 6) and in negatively stained preparations (7) . This profile is evident also in insect iridescent viruses such as Tipula and Sericesthis (1, 2, 5) . All of these viruses develop in the cytoplasm in association with
